In the preceding paper (Siegel and Clifton, 1950) on the oxidative assimilation of carbohydrates by Escherichia coli considerations of growth, assimilation, and energetics made it evident that free energy relationships alone do not provide conclusive criteria concerning the extent of the assimilability of a carbohydrate utilized by the cell. This has been attributed to the more important role of possible intermediates of the oxidative process that serve as building blocks for the numerous syntheses carried on by the cell. Thus, lactose, with a molar AF for the reaction of oxidative assimilation almost twice that of arabinose or glucose, is assimilated to a lesser extent during growth than the latter two sugars, of which arabinose is more readily assimilated. In the studies to be described this concept has been more exhaustively investigated employing the methods and reasoning previously described (Siegel and Clifton, 1950) and with organic substrates other than sugars.
and the energetics of the mechanism are fully analyzed elsewhere (Siegel, 1950 (table 2) . It should also be noted that the free energy change obtaining in the oxidative assimilation of glycerol is greater than with any of the afore-mentioned substrates.
As was observed in the case of the carbohydrates, the values for the R.Q. and for the ratio C assimilated to C02-C run lower generally for resting cells than for growing cells (cf. tables 1 and 6). Actually more carbon is assimilated and less given off as carbon dioxide per unit of substrate carbon utilized by proliferating cells as compared with washed suspensions. It might be of collative significance, here, to note that with resting cells this ratio is lowest for glycerol as substrate, but with growing cells the ratio is greatest.
The significance of the somewhat higher than theoretical R.Q.'s observed in table 2 has been discussed in the preceding paper. It was suggested there that the primary assimilation product or products may be more reduced than those implied by the formula (CH20) representing a compound with the empirical composition of carbohydrate. A closer perusal of table 2 reveals that, of all the substrates investigated with growing cells, glycerol is assimilated to the greatest extent, whereas acetate is not utilized in the experimental period. Pyruvate, however, was utilized most rapidly. The R.Q. for the oxidation of pyruvate is observed to be approximately 2, which might suggest that the reaction that leads to the synthesis of acetyl phosphate by the proliferating cells may be an oxidative decarboxylation coupled with a phosphorylation as depicted in the equation:
CHCOCOOH + HsPO4 + 102 --+CHsCOOPO3H2 + CO2 + H20 (9) Banga, Ochoa, and Peters (1939) , studying the relation of pyruvate oxidation to phosphate concentration in brain dispersions, reported greater oxygen consumption with increasing concentration of phosphate. Ochoa (1941) further elucidated the problem of phosphate intervention by demonstrating the role of adenylic acid in pyruvate oxidation. He found greatly increased total oxygen consumption and --ph generation per mole of pyruvate upon the addition of adenylic acid to dialyzed preparations. Experiments later performed by Long (1943) the postacetyl stage; it is not required by pyruvate either for aerobic or anaerobic breakdown. But absence of adenylic acid must bring about a cessation of -ph transfer; and it seems likely then that adenylic acid enhances the completeness of oxidation by preventing a stagnation through removal of initially formed phosphorylated intermediates (Lipmann, 1946; Warburg and Christian, 1939 ).
It may be surmised then that the coupling of the immediate process of pyruvic decarboxylation with phosphorylation leads to the formation of an active C2
compound and the generation of an abundance of -ph's. This compound may either degenerate to acetate or advance immediately to the next step, which is probably a condensation with a C4 dicarboxylic acid (Barron, 1949 ). Ochoa's (1943) observations of 10 to 15 phosphorylations per mole of pyruvate further suggest a multiplicity of phosphorylated intermediates. An interesting paradox observed here is that though suspensions of resting cells are seemingly able to assimilate acetate readily, cells in the cultures are unable to do so at an appreciable rate although acetate alone will support some growth on longer incubation. Free acetate, it is apparent, is a substrate whose primary breakdown products might not provide an abundance of appropriate intermediate building blocks for synthesis. The oxidation to completion of some of the acetate molecules might, however, provide energy for the assimilation of other acetate molecules, assuming these to be appropriate building blocks adaptable to cell assimilation. The solution to this paradox may be in the conjecture that in the initial small inocula employed in the growth experiments insufficient enzyme is present to catalyze the breakdown of acetate: fairly rapid growth does not take place, and no further enzyme is synthesized at an appreciable rate so that acetate remains unrespired. In the highly populated suspensions, on the other hand, there may be adequate enzyme available to induce respiration and subsequent assimilation. Apropos of this manifestation is the fact that, generally in the case of the shorter chain carbon substrates, initial inocula of growing cells three to five times as great as those used in the sugar substrates are required to bring about significant respiratory and assimilatory responses. Also, Long and Peters (1939) Finally, comparisons of conversion efficiencies (cell-C/CO2-C) with those of the sugars, 1.36, 1.20, and 1.79 for glucose, lactose, and arabinose, respectively, reveal that the efficiency of utilization is less with the substrates of fewer carbon atoms. This is probably due in large measure to the circumstance that some of the molecules have to be oxidized completely to provide energy for the assimilation of others, or the intermediate building blocks obtaining from them. In the case of longer carbon chains, particularly hexoses and at least one pentose (arabinose), the energy-evolving oxidative processes actually generate the intermediate blocks to be subsequently assimilated.
1950] SUMMARY
Further evidence has been adduced, employing a number of organic substrates, which corroborates the concept first enunciated by Kluyver (1930 Kluyver ( , 1931 that the molecular structure of the substrate and of the intermediate products formed during its breakdown is of greater significance than the energy evolved in predicting its potentialities as the starting point for the synthesis of cell materials. This also bears out the conclusions formulated by Clifton from extensive manometric studies that the energy resident in a substrate molecule would not provide by itself a propitious criterion for predicting the extent of its assimilability by the bacterial cell. The efficiency of assimilation of different substrates by the growing cell is seen to be generally independent of the free energy of oxidation of the substrate since a greater degree of assimilation is noted with fumarate than with succinate, with pyruvate than with lactate, or with the latter compounds than the former on the basis of each compound.
An interesting paradox has been observed in the utilization of acetate by growing and by resting cells. This discrepancy is described and a surmise suggested by way of explanation.
